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FLAT MICROWAVE ANTENNA 
Field of the invention 

The present invention refers to a flat microwave antenna 
5 applicable to mobile communication systems for satellite signal 
reception from satellites arranged on geostationary orbit. 

Background of the invention 

US patent No 5 872 545 discloses a multi-plate stack type 

10 microwave antenna, comprising a set of slot radiating elements 
arranged as a matrix of columns and rows. The basic antenna 
package consists of three plates with openings and two plates 
comprising feed lines that allow the forming of two receiving beams 
having a specified angle between them. Antenna includes also at 

15 least another two plates comprising feed lines so that each one of 
the beams to be able to support two polarizations. These feed lines 
could be arranged as microstrip lines, parallel waveguides, twin-lead 
transmission lines or combination between them. These lines are 
arranged in pairs rotated at 90° angle to each other. The disclosed 

20 antenna could be used to receive signals from two separate 
geostationary satellites. 

The disadvantage of the antenna described above is its 
considerable height, preventing its application on mobile platforms, 
while any attempt for its height reduction will lead to unacceptable 

25 degradation of the antenna performance. 



Technical description of the invention 

The objective of the invention is to provide flat microwave antenna 
with reduced height, while keeping good antenna performance. 
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in addition, feed lines insertion loss reduction and equalization of 
the signals for different polarizations should be achieved 

The above mentioned objectives are met by the proposed flat 
microwave antenna, comprising stacked grounded metal plates with 

5 openings and antenna feed layers situated between them wherein 
the openings are arranged as a matrix of columns and rows and the 
feed lines are matched in pairs with the corresponding openings, 
forming that way antenna radiating elements. A metal screen is 
utilized at the bottom, below the grounded metal plates. In 

10 accordance with an embodiment of the invention the stacked plates 
are arranged as two separate antenna packages, each one of them 
containing two orthogonal polarizations, feeds and elements. The 
antenna contains also a layer with active devices for initial 
amplification of the received signal, connected through coaxial 

15 transitions with the feed of the radiation elements as well as a 
combining block, connected correspondingly to the active layer. The 
whole array antenna is subdivided into several sub-arrays. The 
signal from the antenna elements arranged in sub-arrays is 
thoroughly combined and then connected to the layer comprising 

20 active components (8) by means of coaxial transitions. An RF 
combining block accomplishes the final combining of the two halves 
of the antenna and the antenna output is connected to a standard 
twin Low Noise Block (LNB). 
By one embodiment insulating sheets from low loss dielectric 

25 material with proper thickness are placed between the grounded 
metal plates 

By another embodiment antenna layers are separated into sixteen 
sub-arrays, wherein each two of them are identical halves of the one 
antenna quarter. In this embodiment it is convenient antenna layers 
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for each one of the antenna quarters to be rotated at 90° with 
respect to each other. 

It is useful to use a metal sheet with thickness between 0.1 - 0.3 
mm for the central conductor of the strip line, processed by an 
5 appropriate known technology for etching in order to form the feed 
lines. 

In this embodiment supporting frames and mechanical 
connections could be • accomplished as RF (radio frequency) 
decoupling circuits. 

10 . By another embodiment the radiating apertures are arranged in 
octagonal shape, having four long parallel sides and four short sides 
connected at the corners. 

By another embodiment the upper metal plate with openings is 
made from a metal sheet much thicker than the other plates 

15 By another embodiment the transition between the antenna output 
and the LNB is performed using asymmetrically shaped feed lines' 
ends in order to excite properly cylindrical waveguide at the LNB 
input, wherein the transition of microstrip lines to the waveguide is 
accomplished by means of a short piece of grounded coplanar line. 

20 The advantages of the flat microwave antenna according to the 
present invention are connected with the possibility to achieve a low 
height of the antenna and to facilitate its installation directly on the 
roofs of the different moving platforms (like cars, buses, trucks, sport 
utility vehicles, trains etc.), keeping at the same time aerodynamic 

25 properties of the vehicle almost unchanged. The low profile of the 
antenna is achieved without degradation of the antenna 
performance and especially antenna's figure of merit. 

Due to the specific arrangement of the radiating apertures and the 
construction of feed lines, a significant insertion loss reduction in 

30 antenna feed layers is achieved. Dividing the antenna into sub- 
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arravs and chanaina the oosition of the lavers dedicated to different 
polarizations allow achieving of the signal amplitudes* equalization 
for two different polarizations at the antenna output. 

5 Brief description of the drawings 

Fig. 1 is an exploded view of the antenna construction in 
accordance to an embodiment of the present invention; 

Fig. 2 is a fragmentary sectioned view of the radiating elements 
and feed lines of the antenna in Fig. 1 
10 Fig. 3 illustrates the arrangement of the feed lines made of a thin 
metal sheet in accordance with an embodiment of the invention; 

Fig. 4 illustrates two halves of the metal plates with openings 
(radiating apertures) in accordance with an embodiment of the 
invention; 

15 Fig. 5 illustrates the excitation probes and radiating aperture 

alignment in accordance with an embodiment of the invention; 
Fig. 6 is a fragmentary sectioned view of the radiating elements 

and feed lines of the antenna in Fig.1 of another embodiment of the 

invention, comprising thicker upper metal plate; 
20 Fig. 7 illustrates the construction of the layer with active devices in 

accordance with an embodiment of the invention; 
Fig. 8 is a 3D view of the transition between the antenna output 

and the twin low noise' block input in accordance with an 

embodiment of the invention; 
25 Fig. 9 is a top view of the transition between the microstrip line and 

the circular waveguide structures in accordance with an embodiment 

of the invention. 



30 
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Examples of specific implementation 

The example refers to the preferred application, namely planar 
active antenna 1-13 (shown in Fig.1) as a part of a system for in- 
motion signal reception from satellite on geo-stationary orbit. Hence, 
5 the preferred shape of the antenna is rectangular in order to 
decrease the overall height of the whole system. 

The antenna consists of a high number of radiating elements 
arranged in rows and columns at appropriate distance and forming 
antenna array. 

10 The distance between adjacent elements is about 0.7 to 0.9 
wavelengths in free space for the antenna frequency band of 
operation, e.g. Ku-band (10.7 - 12.75 GHz). 

The antenna shown on Fig.1 consists of two separate packages 
Ap1 and Ap2 for two orthogonal polarizations, layer 8 with low-noise 

15 amplifiers used for pre-amplification of the received signal, and block 
9 for signal combining. As shown in Fig. 2 the antenna layers 4 and 
5 are placed between three grounded metal plates 1, 2 and 3 with 
plurality of openings 1A, which form radiating apertures. Another 
solid metal plate 7 is situated below the three-plate stack with 

20 apertures and serves as a shielding for radiating elements. Antenna 
layers 4 and 5 are arranged on two different levels (upper and lower) 
and are put together with the grounded metal plates 1, 2 and 3 in 
such a way that the ends of the lines 4D and 5D (see Fig. 3), which 
serve as an excitation probes of the radiating elements, are able to 

25 match in pairs with radiating apertures 1A. The described 
combination of radiating aperture 1 A and feed lines 4D and 5D is in 
fact the radiating (antenna) element of the antenna array. The 
signals received from the antenna elements are combined initially on 
a sub-array level by antenna layers 4 and 5. The selected number of 

30 the antenna sub-arrays is eight for each polarization (a total of 
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sixteen for the whole antenna) and it may vary depending on the 
size and specific implementation of the antenna. The signals 
combined from the elements in corresponding sub-arrays are 
passed through the coaxial transition 13 to the layer 8, which 

5 contains active devices (low-noise amplifiers 8B shown in Fig. 5). 
Thus, by grouping the radiating elements in sub-arrays on antenna 
layers 4 and 5 followed by amplification of the corporate signals on 
layer 8 an optimal figure of merit of the receiving antenna is 
achieved. Type of feed line used in the antenna layers is stripline in 

10 order to reduce significantly the insertion losses in comparison to a 
similar implementation, for instance, based on suspended substrate 
line. Central conductor of the stripline 4B and 5B shown in Fig. 3 is 
produced from metal sheet with small thickness (0.1 to 0.3 mm) and 
with high conductivity of the used metal. The technology for 

15 production may be chemical etching, laser cutting or other suitable 
technological process. Two insulating layers 6 of low-loss dielectric 
material with thickness of 1 mm are used to support the antenna 
layers 4 and 5 between the metal plates 1, 2 and 3 comprising 
radiating apertures. Feed lines 4B and 5B and passive combining 

20 devices used in the antenna layers are designed to have minimal 
length and suitable shape in order to fit best in the spacing between 
radiating apertures 1A. Shape of the apertures, as it is shown in Fig. 
4, is basically octagon with non-equal side lengths. Such a shape of 
the radiating aperture allows minimizing the length of the feed lines 

25 without any degradation of the antenna element performance. This 
approach helps to decrease the signal loss in the antenna layers 4 
and 5 prior to the first amplification and contributes to a better figure 
of merit of the antenna. Metal frames formed from the same metal 
sheet are used in order to ensure additional mechanical support for 

30 the stripline central conductor and to provide better manufacturability 
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and easy assembling. These frames 4A (Fig. 3) are placed around 
and between feed lines and are physically connected to them by 
special elements for mechanical support 4C. These elements 
consist of narrow metal lines and stubs having appropriate shape 
5 and size. They connect stripline feed lines and combining devices 
with the supporting frames, which may be electrically grounded. The 
elements for mechanical support are implemented as RF (radio 
frequency) decoupling circuits (chokes)/ so as not to decrease the 
performance and disturb the functionality of the feed lines and 

10 combining devices for the received signal. 

Excitation probes 4D and 5D of the antenna layers 4 and 5 shown 
in Fig. 3 are cooperated and electromagnetically coupled to the 
openings in the three-plate stack, thereby forming the antenna 
elements. They have appropriate shape in order to ensure proper 

15 matching and minimal losses of the received signal, and to obtain 
good decoupling between the two orthogonal polarizations in the 
frequency band of operation. As already mentioned, the antenna 
layers 4 and 5 are divided into sixteen sub-arrays and each two of 
them are identical halves of the one antenna quarter (see Fig. 3). 

20 Feed lipes of each sub-array are mechanically held together by the 
frames 4A and 5A forming thereby a common feed lines structure. 
Each polarization in the antenna is obtained separately after signal 
combining on upper 4 and lower 5 antenna layers. Each two 
adjacent quarters of the antenna layers are rotated at 90 degrees 

25 angle to each other. Therefore, the corresponding antenna beam for 
two different polarizations is a result of the combination between 
each two adjacent quarters from different antenna layers 4 and 5. 
Hence, this combining approach assures amplitude equalization of 
the two polarizations signals, resulting from combining of the energy 

30 from the upper 4 antenna layer with the energy from the lower 5 
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antenna layer. On the other hand, the initially existing difference in 
the received signals for vertical and horizontal polarization is due to: 
- Shape of the antenna panel is rectangular having big difference 
in the dimensions of the two sides (in the case of the described 
5 antenna shown in Fig. 1 the ratio is 4:1). The conditions for 
transmission of asymmetric transverse electromagnetic waves are 
beneficial in the direction of the longer side and their energy is in 
favour of the -antenna polarisation in this direction (horizontal 
polarization). 

10 - Difference in the levels on which antenna layers 4 and 5 are 
situated leads to corresponding difference in the element gain for 
each one of the antenna package levels - upper Ap1 and lower 
Ap2. 

Rotation of each two adjacent quarters in the antenna configuration 
15 is accomplished in a way that provides opposite orientation of the 
electrical field vectors for neighbouring quarters (see Fig. 3). This 
approach allows decreasing side lobes in the antenna radiation 
pattern, which are due to the inclined maximum of the radiating 
element pattern. Because of the specific for the configuration 
20 asymmetric position (Fig. 5) of the feed lines 4D and 5D toward the 
radiating aperture 1A, the radiating element basically has inclined 
radiation pattern. By means of the described antenna layers 
arrangement, better antenna performance is obtained for circular 
polarization, achieving higher values for directivity and figure of 
25 merit. 

.Reducing the asymmetry of the element radiation pattern and, 
hence, further decreasing of the side lobes' level is achieved by 
replacement of the upper metal grid 1, which has radiating apertures 
1A, by a much thicker metal sheet 100 having the same apertures 
30 100A (see Fig. 6). This grid could be produced from metal sheet or 
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from metalized plastic materia!. Apertures in this sheet 'do not differ 
in shape and dimensions from the ones in the "normal" metal grids. 

After the initial combining of the signals from radiating elements in 
each sub-array on the level of antenna layers 4 and 5, the obtained 
5 corporate signals are transferred to the inputs of the first stage of 
low noise amplifiers 8B, situated on the active layer 8 shown in Fig. 
. 7. On this level the signals from different sub-arrays are amplified 
and combined to form the corresponding polarization signal from the 
two antenna halves. The active layer 8 comprises low noise 

10 microwave amplifiers 8B, passive microstrip combining devices, 
transmission lines 8A and circuits for DC supply, all of them 
accomplished using printed circuit board technology. The number of 
the active devices is defined by the antenna panel dimensions and 
by the number of sub-arrays. A low loss dielectric substrate is used 

15 to produce this layer in order to obtain good antenna gain-to-system 
noise ratio. 

Amplified signals for both polarizations are combined 
independently for the antenna halves Ha1 and Ha2 (see Fig. 1 ) and 
after that are transferred to the polarization control block shown in 

20 Fig. 8. This block sums the signals from the antenna halves, controls 
the polarization, and provides required signals for the mobile 
antenna tracking system. By appropriate processing in this block 
(combining, phasing and amplitude control) any type of polarization 
could be obtained, namely linear (vertical and horizontal) and 

25 circular (left and right). Tracking information signals are provided 
after phasing and combining of the signals from both antenna halves 
Ha1 and Ha2. Output signals for the desired polarization and 
information signals for the tracking are selected by switching and are 
connected to the two inputs of the transition 12 between microstrip 
. 30 lines and cylindrical waveguide 14 shown in Fig. 8 and Fig. 9. This 
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transition connects the antenna output to the input of a standard twin 
low noise block 10 and the coupling between them is accomplished 
by means of a standard waveguide flange 10A. The transition has a 
specific design in order to provide good decoupling (better than 

5 20dB in the frequency band 1 0.7-1 2.7GHz) between the two inputs, 
which are on the same level. This is achieved by the special shape 
of the microstrip line ends 12A (see Fig. 9) used for excitation of the 
cylindrical waveguide 14 (see Fig. 8). In the areas where the 
microstrip line passes to the waveguide a short section of grounded 

10 coplanar line 12B is used to obtain better matching. 
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